IN a communication on the ascorbic acid content of Indian plant materials [Damodaran and Srinivasan, 1935] , attention was drawn to the fact that different plant juices showed marked variations in the rate of oxidation of the ascorbic acid present in them. As a striking instance mention was made of the fruit of the Indian gooseberry (Phyllanthus emblica), which according to the Tillmans-Harris titration method had an ascorbic acid content of about 4-6 mg. per g. of the material. The undiluted press-juice of this fruit was extremely resistant to atmospheric oxidation and, in contrast to most other plant juices which rapidly deteriorated in their ascorbic acid content on standing, retained its titre undiminished even after a week's exposure to the air. The suggestion was therefore made that Phylktnthus emblica possibly contained some mechanism which prevented or retarded the oxidation of ascorbic acid. Further evidence for this view was found in the fact that in the gooseberry a considerable proportion of the ascorbic acid remained unaffected even when the fruits were dried. The existence of such a protective mechanism in animal tissues has been demonstrated by Mawson [1935] who, however, could find no evidence of its counterpart in plants.
The distinguishing characteristics of the gooseberry press-juice in comparison with most other plant juices examined were a strong acid reaction and the presence of a large amount of tannin substances with characteristic colour reactions, which were not quantitatively precipitated from solution by normal lead acetate, but which could be completely removed by means of mercuric acetate. Experiments in which the rate of oxidation of the press-juice was compared with that of a solution of ascorbic acid of similar concentration and at the same pH1 showed that the stability of the former was not primarily due to its acidity (Table I) .
It was also shown that after the complete removal from the gooseberry juice of substances reacting with ferric chloride by precipitation with mercuric acetate the filtrate underwent rapid oxidation approximately at the same rate as a solution of ascorbic acid of the same strength (Table II) .
Experiments carried out by making additions of various fractions from the material precipitated by mercuric acetate to solutions of ascorbic acid or to orange juice indicated that the factor responsible for the protective action was either a tannin or associated with the tannins, but clear-cut results could not be obtained on account of the difficulty of preparing homogeneous solutions of the different fractions. It was therefore decided to prepare the tannins in as pure a condition as possible before studying their effects on the oxidation of ascorbic acid. 1014
Serious difficulty was encountered in working with the press-juice on account of its tendency to rapid decomposition with the deposition of a white precipitate which was later identified as ellagic acid. This decomposition could not be prevented either by boiling the liquid to prevent enzyme action, by neutralising the natural acidity of the press-juice or by keeping it in a reducing atmosphere by saturation with sulphur dioxide. The tannins were, however, finally prepared by drying the gooseberry and extracting the powdered material with organic solvents. By fractional precipitation of a methyl alcoholic extract with ethyl acetate and acetone in succession two preparations were obtained representing the chief tannins of the gooseberry. The first of these preparations, soluble in methyl alcohol but not in ethyl acetate, resembled the typical tannins in being precipitated by gelatin and hide-powder, but did not give any of their characteristic colour reactions with ferric chloride. On acid hydrolysis the substance yielded ellagic acid and glucose. The second preparation, which was soluble in ethyl acetate but not in acetone, answered all the tannin reactions and gave rise on hydrolysis to gallic acid in addition to ellagic acid and glucose. As in the case of the majority of the tannins hitherto investigated, it has not been possible to establish the individuality by crystallisation of either of the above preparations or to account quantitatively for the products of their hydrolysis. But care was taken to ensure the complete absence of substances other than of the tannin class, in particular, of sulphur compounds and of tannin degradation products such as free phenols and phenolic acids.
Of the two substances isolated it was found that whilst the simpler one consisting of ellagic acid and glucose had no inhibitory action on the oxidation of ascorbic acid (Table III) , the second product composed of glucose, gallic acid and ellagic acid exercised a definite retarding influence on the reaction (Table IV) .
Experiments carried out at different hydrogen ion concentrations and in the presence of traces of copper threw some light on the nature of the protective action. It was found that the tannin had no protective action on ascorbic acid at alkaline reaction (Table IV) , and that the loss of activity was not due to any appreciable decomposition of the tannin itself at an alkaline reaction. The explanation of this is probably to be found in the fact that the oxidations of ascorbic acid in acid and alkaline media are essentially different reactions [Herbert et al., 1933] . Further, as in the experiments of Kellie and Zilva [1935] on the catalytic action of metals on the oxidation of ascorbic acid, it was found (Table VI) that the protective action could be completely neutralised by theaddition of suitable amounts of copper salts, so that it is to be inferred that the action of the tannin under consideration is not a specific effect on the ascorbic acid but f robably connected with its capacity to inhibit the action of heavy metals which are now known to be responsible for the autoxidation of ascorbic acid.
It is also to be stated that all tannins do not necessarily have the type of protective action now noted, as experiments with gallotannin (B.D.H. tannic acid) proved (Table VII) . To what peculiarity of structure the tannin from gooseberry owes its action, it is not possible to say at present. It is hoped that experiments now in progress will give a clearer insight into the molecular composition of the gooseberry tannin.
The fruit of Phyllanthu8 emblica has always been held in very high esteem in Indian medicine. As no alkaloidal or other active principle has been demonstrated in it, it seems justifiable to conclude that it owes its medicinal attributes to vitamin C and the protective tannin now described, which make it a valuable antiscorbutic in the dry as well as in the fresh condition. It is interesting to find it on record that an attack of scurvy in the Indian army at Nassirabad in Rajputana in 1837 was successfully treated with an extract of the dried fruits [Chick and Hume, 1919] . EXPERIMENTAL. Methods. Ascorbic acid was determined by the Tillmans-Harris technique [Harris et at., 1933] . The press-juice was obtained from the pulp of the fruit separated from the seeds, metallic contamination being excluded as far as possible during the pounding and pressing.
Oxidation of gooseberry press-juice compared with that of ascorbic acid at the same PH. 20 ml. of centrifuged gooseberry press-juice filtered through paper-pulp were made up to 100 ml. and titrated against dichlorophenolindophenol. An ascorbic acid solution of nearly the same reducing power was prepared and its reaction adjusted to that of the press-juice (PH 2) by the addition of very dilute acetic acid. Equal volumes of the two solutions were allowed to stand in large stoppered flasks and the titres of the two against N/200 Tillmans's indicator were determined at intervals. Oxidation of press-juice after treatment with mercuric acetate. 25 ml. of centrifuged and filtered press-juice were neutralised with dilute NaOH. A filtered mercuric acetate solution (20 g. in 100 ml. of water) was added till precipitation was complete. The precipitate was separated on the centrifuge, the supernatant liquid freed from mercury by hydrogen sulphide and the filtrate freed completely from hydrogen sulphide by a current of carbon dioxide. The resulting solution, neutralised with dilute NaOH, was made up to [Nierenstein, 1909] . The filtrate from the ellagic acid was found to contain a reducing sugar whic,h was identified as glucose by means of the osazone. In a quantitative experiment 0 57 g. of the substance on hydrolysis yielded 0 33 g. of ellagic acid determined by direct weighing and 0-20 g. of glucose as estimated by Bertrand's method. These account for 91 % of the weight of substance taken and are roughly in the proportion of one molecule of ellagic acid to one molecule of glucose. The highly colloidal nature of the solution of the substance however points to a much higher molecular weight. The substance did not show any of the colour reactions with iron salts used for the detection of tannins but was readily precipitated by gelatin and hide-powder. It did not reduce Tillmans's reagent but readily reacted with iodine solution.
Effect on the oxidation of ascorbic acid. A 3 % solution of the substance was added to a solution of ascorbic acid and the Tillmans titre value of the mixture compared with that of a solution of ascorbic acid, observations being made every hour (Table III) . The results indicated that the substance had no inhibitory action on the oxidation of ascorbic acid. Experiments with tannin II. Properties and composition. This was a white powder with an astringent taste and extremely deliquescent in air. On heating it did not melt but softened and decomposed at 1200 with the liberation of carbon dioxide. It was readily soluble in water, alcohol and ethyl acetate. The aqueous solution on standing deposited insoluble ellagic acid. That the formation of this precipitate was not hindered even by saturating the solution with sulphur dioxide showed that the ellagic acid must have been an integral part of the molecule and did not arise from the oxidation of gallic acid.
With ammonium acetate and ferric citrate a solution of the substance gave a deep violet-coloured precipitate [Ware, 1924] . A dilute solution with a few crystals of potassium nitrite exhibited the gradual change of colour from light pink to deep blue described as characteristic of ellagitannins [Procter, 1894] . The substance was precipitated by gelatin and hide-powder. After hydrolysis of the substance with N/20 H2SO4 at 1000 in a pressure-bottle for 6 hours the decomposition products were identified as gallic acid, ellagic acid and glucose; it thus resembles in composition the tannin studied by Schweitzer [1935] . The ellagic acid separated out as an insoluble precipitate. The filtrate was repeatedly shaken up with ether. The ether on evaporation gave a crystalline residue of gallic acid, which after recrystallisation from water was obtained as fine needles melting with decomposition at 239°and gave the characteristic colour reactions with dilute potassium cyanide and ferric chloride. The aqueous layer after ether extraction was found to contain only glucose identified by the osazone. The tannin has a slight though definite action on Tillmans's reagent, 1 g. of the material being equivalent to 0-0023 g. of ascorbic acid. This reducing action is not affected by repeated solution and reprecipitation of the tannin. Careful tests did not reveal the presence of any sulphur compound.
Effect on oxidation of ascorbic acid. 20 ml. of N/100 ascorbic acid were placed in each of three similar flasks of 100 ml. capacity, and 20 ml. of a 3 % solution of the tannin added to each. The reactions of the three solutions were adjusted to PH 2, 6 and 10 respectively and the total volume of each made up to 50 ml.
For each PH control solutions were prepared from which the tannin was omitted, and the rate of oxidation studied. The results are expressed in mg. of ascorbic acid oxidised to show the effect more clearly (Table IV) . Table V show that the oxidation of the tannin at PH 10 is too slight adequately to account for its loss of protective action. [Kellie and Zilva, 1935] . Six conical flasks of 50 ml. capacity were taken and numbered. The solutions were added to each in the proportions given in Table VI . 2 ml. of the solution in each case were titrated against N/200 Tillmans's reagent every hour. The last column is the control with neither tannin nor copper sulphate added. Commercial gallotannin exercises no protection (see Table VII ). SUMMARY. 1. The atmospheric oxidation of ascorbic acid in the press-juice of the fruits of the Indian gooseberry (Phyllanthus emblica) is considerably slower than that of a solution of pure ascorbic acid at the same PH* 2. Two different tannins have been prepared from the fruits and their properties studied.
3. One of these containing gallic acid, ellagic acid and glucose in its molecule is shown to have an inhibitory action on the oxidation of ascorbic acid solutions in air and is apparently responsible for the resistance to oxidation of the ascorbic acid in gooseberry press-juice. 4 . The other tannin isolated, consisting of ellagic acid and glucose, exercises no such protective action and resembles in this respect commercial gallotannin.
